A simple procedure was developed for the partial purification of plant tissue samples to be analyzed simultaneously for indole-3-acetic acid (IAA) and abscisic acid (ABA). The procedure relies on removal of contaminants by filtration through nylon and partitioning into dichloromethane. This procedure successfully purified both IAA and ABA from muskmelon, cotton, and broccoli tissue. Twenty individual samples can be purified and methylated in 8 h for analysis of free IAA and ABA with gas chromatographyselected ion monitoring-mass spectrometry. The use of microfiltration of aqueous samples through nylon offers new opportunities for improving the efficiency of existing sample purification procedures.
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with molecular fragments unique to the hormone of interest are monitored (3, 15, 16) . The high degree of detector selectivity coupled with the efficiency of capillary gas chromatography requires less sample purity than normally required for analysis of IAA and ABA from plant tissue.
Nylon preparations, including nylon 66, have been used to inactivate and remove phenolic compounds from plant samples (7, 9) . Microfiltration through nylon 66 syringe filters was recently reported to be an effective step in the preparation of plant samples for the immunoassay of ABA (13, 21) . Consequently, experiments were conducted to assess the potential value of using nylon 66 microfiltration in the preparation of plant samples for the analysis of IAA and ABA by GC-SIM-MS.
MATERIALS AND METHODS
Many procedures have been developed for the isolation and purification of IAA and ABA from plant material (5, 6, 10, 1 1) . Most of these procedures employ an initial extraction of the plant material with an aqueous organic solvent. The nonselective nature of this solvent system yields a highly complex sample containing many polar and nonpolar compounds including most of the plant pigments and polyphenolic compounds. The high concentrations of impurities relative to plant hormones require extensive purification for most analytical techniques (14) . Frequently used labor-intensive procedures have required a lengthy sequence of steps including solvent partitioning, open column chromatography, and HPLC (5, 20) . Recent procedures have been greatly simplified by using newly available preparative minicolumns and chromatographic cartridges that reduce the time required for sample preparation, particularly in GC-SIM-MS' analysis (1, 18) .
With the advent of improved microprocessor technology, a new generation of relatively low cost, table-top GC-MS instruments has become available for application to plant hormone analysis (15) . GC-MS technology has been used recently in the quantitative analysis of several plant hormones including IAA and ABA (4, 8, 12, 17 size, Micron Separations, Westboro, MA). The aqueous filtrate was partitioned three times against dichloromethane (CH2CI2), and the combined CH2Cl2 fractions were evaporated to dryness for subsequent methylation.
GC-SIM-MS Analysis
Purified samples were methylated with diazomethane (2) and analyzed using a Hewlett Packard 5970 GC-MS. Two-,uL, splitless injections were chromatographed on a J&W Scientific (Folsom, CA) fused silica capillary column (DB-1701, 10 m x 0.177 mm i.d., 0.4 ,m film thickness). After 1 min at 65°C, the column temperature was increased at a rate of 30'C min' to 2250C and held for 5 min. The injector was set at 2250C and He carrier flow at 0.8 mL min-'. The IAA levels were determined from peak areas generated by individual traces of ions at m/z 130, 136, 189, and 195 according to procedures described by Cohen et al. (3, 4) . The ABA was determined from traces at m/z 162, 166, 190, and 194 using the isotope dilution equation described for IAA (3). Radiolabeled internal standards were used to estimate recoveries of the target compounds (1) (19) . The aqueous residue left after rotary flash evaporation as described in the section on sample preparation was adjusted to a pH of 8.5 with a saturated solution of NaHCO3 and partitioned 3 times against equal volumes of petroleum ether followed by 3 equal volumes of diethyl ether. The aqueous fraction was then adjusted to a pH of 2.8 with 1 N HC1 and partitioned 3 times against equal volumes of ether. The ethereal fraction was evaporated to dryness and methylated for GC-SIM-MS analysis as previously described.
RESULTS AND DISCUSSION
Tissue samples from muskmelon floral buds, cotton floral buds, cotton fruiting branches and broccoli floral buds were purified according to the procedure described in Figure 1 . Although the appearance ofthe extract differed among species and organs, microfiltration produced samples of free IAA and ABA that were of sufficient purity for direct GC-SIM-MS analysis. A plot of ions at m71z 130 and 190 representing MeIAA and MeABA, respectively, were resolved to baseline without interferences from other compounds (Fig. 2) . The retention times for authentic standards were the same as target peaks in the sample extracts identified as MeIAA and MeABA (Fig. 3) . A mass spectral scan of the target peak tentatively identified as MeIAA was identical to the scan of authentic MeIAA (Fig. 4) . Ions in the scan at m/z 130 and 189 represented the base peak and parent ion, respectively, of MeIAA. A scan of the target peak representing MeABA was also identical to a scan of authentic MeABA (Fig. 5) . The base ion at m/z 190 and the ion m/z 162 were used in the GC-SIM-MS analysis of ABA from sample extracts. Ions including the parent ion of MeABA occurring at m/z greater than 200 were not produced in sufficient quantities by electron impact ionization at 70 eV to make any detectable contribution to the spectral scan (12) . The ratio of base peak to molecular ion for MeIAA (130/189) and the ratio of m/z 162/190 for MeABA were the same as ratios determined for the respective authentic standards. Using cotton floral buds as a typical example, additional purification with reverse phase HPLC did not change the quantities of IAA and ABA purified by microfiltration and analyzed on GC-SIM-MS (Table I) . Concentrations of the hormones in different plant tissues ranged from undetectable to 980 and 170 to 1360 ng g-' dry weight for IAA and ABA, respectively (Table II) . Recoveries ranged form 50 to 60% for IAA and 60 to 70% for ABA.
The analytical procedure successfully quantified both ABA and IAA at several concentrations and from different tissue sources. Unmethylated samples or methylated samples of tively impure samples. Our experience with GC-SIM-MS indicates that even these crudely purified samples have not fully exploited the limits of this technology. Using the microfiltration procedure, 20 individual tissue samples were prepared for GC-SIM-MS analysis within 8 h (Table III) . The sample preparation time with this procedure was less than 50% of time required by solvent partitioning or HPLC. The microfiltration procedure also circumvented the need for prepacked cartridges, minicolumns, large volumes of Microfiltration of acidified aqueous samples through nylon 66 is a quick, simple, and effective step in the purification of IAA and ABA prior to GC-SIM-MS analysis. Additional purification using HPLC provided no improvement to the GC-SIM-MS analysis and was considered unnecessary. Extraction, purification, and analysis that previously required up to a week was to be conducted within 24 h. We have shown that the procedure is broadly applicable as demonstrated by the successful purification of tissue samples from several different plant sources. The retention times and mass spectra of target peaks confirmed the identity of IAA and ABA in the sample extracts. Although a relatively crude preparation, several hundred samples purified by microfiltration have been analyzed with no adverse effect on the operation or maintenance of the GC-MS. The application of this procedure to investigations with other tissues and additional plant hormones offers an opportunity to greatly accelerate physiological studies dependent on plant hormone analyses.
